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The aim of the present work was to determine the in vitro effect of T. vulgaris and O. vulgare essential oils against E. granulosus
protoscoleces and cysts. Essential oils were added to themedium resulting in thymol final concentrations of 10 𝜇g/mL.The essential
oils had a time-dependent effect provoking the complete loss of protoscolex viability after 72 days of postincubation. The results
were confirmed at the ultrastructure level. Loss of infectivity in protoscoleces incubated withO. vulgare after 60 days was observed.
On the other hand, the weight of cysts recorded in mice inoculated with T. vulgaris treated protoscoleces was significantly lower
than that obtained in control group. Gamma-glutamyl-transpeptidase activity was readily detected in the culture supernatant of
protoscoleces treated either with the essential oils or thymol. T. vulgaris and O. vulgare essential oils and thymol can induce cell
apoptosis of protoscoleces after short incubation times.The efficacy ofT. vulgaris andO. vulgare essential oils was also demonstrated
in vitro on E. granulosus murine cysts. Our data suggest that essential oils of T. vulgaris and O. vulgare have anthelmintic effect
against protoscoleces and cysts of E. granulosus.
1. Introduction
Hydatidosis or human cystic echinococcosis (CE) is a cos-
mopolitan zoonotic disease that can be found in people
and livestock infected with the larval stage of the tape-
wormparasite Echinococcus granulosus. Dogs are the primary
definitive hosts for this parasite, with livestock and humans
acting as intermediate hosts. The outcome of infection is cyst
development in the liver, lungs, or other organ systems [1].
Depending on different factors such as cyst type, size,
location, and presence/absence of complications, the options
for treatment of CE are as follows: surgery, PAIR (puncture,
aspiration, injection of protoscolicidal agent, and reaspira-
tion), antiparasitic drug treatment, or watch and wait [2].The
evidence supporting any of the four treatment modalities,
from carefully designed clinical studies, is insufficient, and
choosing treatment options for patients remains controver-
sial [3].
For inoperable cases, chemotherapy with the benzim-
idazole-methylcarbamate (BZ) compounds as albendazole
(ABZ) and mebendazole remains the only alternative. Ap-
proximately a third of patients treated with BZ drugs
have been cured and 30–50% of CE-patients have demon-
strated significant regression of cyst size. However, 20–
40% of cases do not respond favourably [4]. Moreover,
adverse reactions against BZ under long-term chemotherapy
include elevation of transaminases, alopecia, gastrointestinal
disturbances, and leucopenia [5]. Praziquantel (PZQ), a
heterocyclic pyrazinoisoquinoline derivative, has been pro-
posed to be used alongside BZ in CE-patients. Neverthe-
less, further studies are required to determine whether there
are significant benefits from combination therapy with ABZ
Hindawi Publishing Corporation
Interdisciplinary Perspectives on Infectious Diseases
Volume 2014, Article ID 693289, 12 pages
http://dx.doi.org/10.1155/2014/693289
2 Interdisciplinary Perspectives on Infectious Diseases
and PZQ over monotherapy with ABZ [6]. With regard
to these difficulties, the development of a new therapeu-
tic drug for human treatment of cystic echinococcosis is
necessary.
A problem that has emerged with the use of synthetic
anthelmintics is the development of parasitic resistance,
which can threaten the success of treatment in humans [7–
12]. Consequently, the search of new therapeutic alternatives
such as the use of traditional medicinal plants has been
increased [13].
The pharmaceutical properties of aromatic plants are
partially attributed to essential oils [14]. Essential oils are
volatile, natural, and complex compounds characterized by
a strong odour and formed by aromatic plants as secondary
metabolites. These substances may be constituted for about
20 to 60 components at quite different concentrations.There-
fore, the biological effects of essential oils may be the result
of a synergism of all molecules or reflect only those of the
main molecules present at the highest levels according to gas
chromatographical analysis [15]. On the other hand, there are
studies where the principal component of essential oil was
more active on its own than when present in essential oil
which suggests that antagonism may have occurred between
components of the oil [16].
Because of its hydrophobic character, the essential oils
or their components present a great potential for pharma-
cological applications as antimicrobial agents [14, 17–20].
The role of essential oils against parasitic helminths has
been studied by several authors [13, 21–23]. However, there
are few publications about the effect of these substances
on E. granulosus. The in vitro effect of the essential oils
of Rosmarinus officinalis (rosemary), Mentha pulegium, M.
piperita, Pistacia khinjuk (pistachio), and Trachyspermum
ammi (ajowan) was demonstrated against protoscoleces of E.
granulosus [24–27]. Moreover, the in vitro effect of thymol
was shown against protoscoleces, microcysts, and cysts of E.
granulosus [28, 29].
Apoptosis is a form of cell death which is triggered
by external factors and ultimately leads to the cell’s self-
destruction [30]. The induction of apoptosis was demon-
strated for several essential oils [31–33]. On the other hand,
Paredes et al. [34] proposed that apoptosis may be a cellu-
lar mechanism underlying hydatid cyst infertility, which is
observed in some herbivores and humans. Moreover, drug-
induced apoptosis in E. granulosus protoscoleces has been
reported [30, 35].
Thymus vulgaris (thyme) and Origanum vulgare
(oregano) are shrubs distributed in areas of the Mediter-
ranean and Asia, both members of family Lamiaceae. In
vitro, thyme and oregano essential oils have significant
antibacterial, antifungal, and antiparasitic activities [17, 37–
39]. The biological activity of these substances has been
related to their phenolic compounds content such as thymol
and carvacrol, which represent between 40 and 50% of oils
[40]. The aim of the present work was to determine the in
vitro effect of T. vulgaris and O. vulgare essential oils against
E. granulosus protoscoleces and cysts.
2. Materials and Methods
2.1. Plant Material and Oil Extraction. Oregano and thyme
leaves, completely formed, were collected separately in Sierra
de la Ventana (38∘9󸀠 S, 61∘48󸀠W), Buenos Aires Province,
Argentina, betweenDecember and February. Specimenswere
classified and stored in the herbarium of the Faculty of
Exact andNatural Sciences, UniversidadNacional deMar del
Plata. Fresh plant material was dried prior to distillation (20–
27∘C and ∼50% RH); and dried leave oils were obtained by
hydrodistillation using a Clevenger-type apparatus [41] for
2 h. An average of 100 g of leaveswas used in each experiment,
and several distillations were performed until the volume
required to run all trials was reached.The oils were dried over
anhydrous sodium sulphate and stored in screw-capped dark
glass vials at 5∘–8∘C until further testing.
2.2. Essential Oil Analyses. Thin layer chromatography (TLC)
of the essential oils was performed on silica gel plates (0.2mm
Kieselgel 60 F254, Merck). Both oils were applied to two
TLC plates using an aliquot of 5𝜇L (using Drummond
microcapillaries) and developed (93 : 7 toluene/ethyl acetate).
Separated compounds were sprayed with sulphuric acid in
ethanol, and later on with vanillin in ethanol, followed by
heating at 110∘C [42].
Essential oil composition was elucidated by gas chro-
matography (GC) and gas chromatography-mass spectrom-
etry (GC-MS), using a Shimadzu GC-17A chromatograph
equipped with a flame ionization detector (FID). Separations
were performed using a DB-1 fused silica column (60m ×
0.248mm, film thickness 0.25mm). Oven temperature was
programmed from 60 to 240∘C at 3∘C/min and the final
temperature was held for 10min. Injector and detector
temperatures were set at 230∘C and 250∘C, respectively,
and carrier gas N at a flow of 0.9mL/min. The GC/MS
analysis was performed on a Perkin- Elmer, QMass 910GC
operating at 70 eV, equipped with a DB-5 fused silica column
(30m × 0.25mm, film thickness 1.0mm). The injector and
detector temperatures were 250∘C; oven temperature was
programmed from 60∘C (5min), 60 to 220∘C at 3∘C/min, and
220∘C (8min) and carrier gas He at a flow of 1mL/min. The
identification of EO’s components was based on the compar-
ison of their mass spectra with those reported in literature
[43, 44]. Quantitative data were obtained by integration of
FID area percents without the use of collection factors.
2.3. Physicochemical Properties Determinations. The yields of
the essential oils were calculated according to Retamar [45].
Density to 20∘C, triplicate of 1mL of essential oil was weighed
and the average of the values obtained was calculated [46].
The refractive index was determined at 20∘C ± 0.05∘C with
an Abbe refractometer, in compliance with AOAC official
method 921.08 [47].
Oils were subjected to ultraviolet-visible (UV-vis) spec-
troscopy at a concentration of 200 ppm to oregano and
12,5 ppm to thyme [46], using a Shimadzu UV-2101PC scan-
ning spectrophotometer.
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The infrared spectroscopy (IR) of the samples was
recorded as a thin liquid film on NaCl windows with FTIR
Mattson, model Genesis II spectrophotometer. The spectra
were accumulated from 8 scans measured with a resolution
of 2 cm−1 in the range of 500–4500 cm−1.
2.4. In Vitro Culture of E. granulosus Protoscoleces and Drug
Treatment. Hydatid cysts from liver and lungs of naturally
infected cattle were obtained from an abattoir located in the
southeast of the Buenos Aires province, Argentina. Proto-
scoleces were removed from cysts under aseptic conditions
and washed several times with phosphate-buffered saline
(PBS, pH 7.2). Viability was assessed by the methylene blue
exclusion test [48]. Viable and free protoscoleces (2000 per
Leightont tube) were cultured in 10mL of medium 199
(Gibco), containing 60 𝜇g/mL penicillin, 100 𝜇g/mL strepto-
mycin, 50 𝜇g/mL gentamicin, and 4mg/mL glucose.
Essential oils of T. vulgaris and O. vulgare were dissolved
in medium 199 using propylene glycol (PG) as an emulsifier
and were added to the medium resulting in thymol final con-
centrations of 10 𝜇g/mL (according to thymol concentration
on these essentials oils determined by CG). Thymol (Sigma)
was dissolved in dimethyl sulphoxide (DMSO) at a drug
concentration of 10mg/mL and was added to the medium
resulting in final concentrations of 10 𝜇g/mL. Protoscoleces
incubated with culture medium alone and with culture
medium containing PGorDMSOwere used as controls. Each
experiment was repeated five times.
Culture tubes were followed microscopically every day.
Samples of protoscoleces (approximately 90–100 protoscole-
ces in 180𝜇L of incubation medium) from each treatment
and the controls were taken every 5 to 6 days for viability
assessment.
2.5. Determination of Infectivity to Mice. Animal procedures
and management protocols were carried out in accordance
with the 2011 revised formofTheGuide for the Care andUse of
LaboratoryAnimalspublished by theUSNational Institutes of
Health. Unnecessary animal suffering was avoided through-
out the study.
Samples of protoscoleces that had been incubated for
60 days in the presence of thymol and essential oils of
T. vulgaris and O. vulgare were rinsed in medium 199.
After sedimentation, they were resuspended in medium 199
supplemented with 60𝜇g/mL penicillin, 100 𝜇g/mL strep-
tomycin, and 50 𝜇g/mL gentamicin and the concentration
was adjusted to 3000 protoscoleces/mL. Of this protoscoleces
suspension resulting from the in vitro treatments (T. vulgaris,
O. vulgare, thymol, and PG control), 0.5mL was inoculated
into each of four female CF1 mice (body weight 25 ± 5 g) by
intraperitoneal injection. At 5 months after infection, mice
were euthanized, necropsied, and examined for larval growth.
2.6. Enzyme Assay. Gamma-glutamyl-transpeptidase (GGT)
was proposed as an ideal viability marker during in vitro
pharmacological studies against E. granulosus protoscoleces
[49]. Enzyme assay was carried out in sterile tissue culture
plate (Nunc, 96 wells). Protoscoleces (1500 per well) were
cultured under aseptic conditions in 0.2mL of medium
199 per well supplemented with antibiotics and glucose. In
vitro incubations were performed at 37∘C without changes
of medium. Enzyme activity was determined from culture
protoscolex supernatants following the procedure described
by Cumino et al. [49]. The activity was measured at 37∘C
in a recording Shimadzu model UV-vis spectrophotometer,
the volume of the reaction mixture was 1mL with 50 𝜇L of
enzyme samples, and measurements were made after 30min
of incubation. Gamma-glutamyl-transpeptidase (GGT) was
determined following the Szaszmethod [50], whereas the rate
of increase in absorbance is due to release of p-nitroaniline.
The substrate solution is an aqueous buffered solution con-
taining 2.9mM L-gamma-glutamylp-nitroanilide, 100mM
glycylglycine, and 5mM MgCl
2
. Measurements were per-
formed in triplicate.
2.7. TUNEL Assay. A commercially available kit (Apop Tag
Plus In Situ Apoptosis Detection Kit S7101; Chemicon Inter-
national a Serologicals Company; USA and Canada) was
used to detect the 3󸀠-OH ends of the DNA strands according
to manufacturer’s instruction. Briefly, protoscoleces from
different treated groups were fixed in Karnovsky’s solution
(paraformaldehyde 2% (w/v), glutaraldehyde 2.5% (v/v), and
0.05M cacodylate pH 7.2) at 4∘C for 48 h and then embed-
ded in paraffin. Tissue sections (5mm) were deparaffinized
and pretreated with Proteinase-K solution (20𝜇g/mL) at
room temperature for 15min. The endogenous peroxidase
activity was quenched using 3% (v/v) hydrogen peroxide
in phosphate-buffered saline (PBS) at room temperature.
Sections were incubated in a mixture of terminal deoxynu-
cleotidyl transferase and digoxigenin-labeled dideoxynu-
cleotide in a humidified chamber at 37∘C for 1 hour. After
reacting with a stop buffer, the sections were incubated
with an antidigoxigenin peroxidase conjugate for 30 minutes.
Peroxidase activity was detected by exposing the sections to
a solution containing 3.3󸀠-diaminobenzidine tetrahydrochlo-
ride (DAB). Sections were then counter-stained with hema-
toxylin. Negative controls were treated with distilled water in
place of the terminal deoxynucleotidyl transferase enzyme.
After color development, slides were observed under light
microscope.Nuclei of apoptotic cells were stained brownwith
TUNEL reagents; normal nuclei had no brown staining but
showeda blue color with hematoxylin.
2.8. Mouse Infection and Procedures for In Vitro Incuba-
tion of Cysts. Female CF-1 mice (body weight 25 g ± 5)
were infected by intraperitoneal inoculation with 1,500 E.
granulosus protoscoleces/animal, suspended in 0.5mL of
medium 199 (Gibco). Animals were housed in a temperature-
controlled (22 ± 1∘C), light-cycled (12-hour light/dark cycle)
room. Food and water were given ad libitum.
At 8 months after infection, mice with experimental
secondary CE were euthanized and necropsy was carried out
immediately thereafter. At necropsy, the peritoneal cavity was
opened and the hydatid cysts were carefully removed [51].
Groups of 5 cysts were placed in Leighton tubes con-
taining 10mL of medium 199. Thymol and the essential oils
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of T. vulgaris and O. vulgare were added to the medium
resulting in thymol final concentrations of 10𝜇g/mL.Cultures
were maintained at 37∘C without changes of medium during
the entire drug incubation period [52]. Culture tubes were
followed macro- and microscopically every day. Samples of
cysts from each of the dosing groups and the controls were
taken and then fixed for electron microscopy.The criteria for
cysts viability assessment included the loss of turgidity, the
collapse of cysts, and the ultrastructural observation of the
germinal layer as described by Elissondo et al. [52].
2.9. Statistical Analysis. Log-rank test was used to assess the
survival differences of protoscoleces after exposure to thymol
and essential oils of T. vulgaris and O. vulgare. For infectivity
studies, differences in mean weight of cyst recovered from
mice inoculated with treated and untreated protoscoleces
were tested using the Mann-Whitney 𝑈 nonparametric test
(Wilcoxon rank sum test). All statistical analyses were per-
formed with the software BioEstat 5.0 [53]. 𝑃 values less than
0.05 were considered to be statistically significant.
2.10. ElectronMicroscopy. Samples of protoscoleces and cysts
cultured in vitro were processed for scanning and transmis-
sion electron microscopy (SEM and TEM) as described by
Elissondo et al. [48, 52].
3. Results
3.1. Essential Oils Analyses. The chemical composition of
oregano and thyme essential oils obtained by hydrodistil-
lation was determined by GC-MS. Table 1 shows the main
chemicals present in both essential oils. Aromatic com-
pounds (thymol and carvacrol) dominated the composition.
The main compounds and the Rfs values determined by
TLC of the essential oils extracted from the different plants
studied are shown in Figure 1. O. vulgare showed 5 bands,
being the more intense the superior one to an Rf of 0.60
corresponding to the mixture of thymol and carvacrol. T.
vulgaris showed two bands, being able to identify a pink band
at Rf 0.64 and another less intense blue band at a lower Rf.
Major compounds identified by TLC were consistent with
data obtained from GC-ES analysis.
Physicochemical properties of the essential oils are shown
in Table 2.
No difference in the UV absorption curves of O. vulgare
in relation to T. vulgaris essential oils was observed; both
showed a peak absorbance at 275 nm but in the case of thyme
oil, this peak was more pronounced (Figure 2). On infrared
spectra, it could be observed that both oils presented similar
IR patterns (Figure 3).
3.2. In Vitro Protoscoleces Incubation. The survival of E. gran-
ulosus protoscoleces after exposure to T. vulgaris and O.
vulgare essential oils and thymol is shown in Figure 4.
Control protoscoleces cultured in medium 199 + PG or
in medium 199 + DMSO remained viable (92.2 ± 2.4% and
85.9 ± 2.1%, resp.) after 60 days of incubation (Figure 4).
Essential oil of T. vulgaris provoked a protoscolicidal effect,
Table 1: Quantitative composition of O. vulgare and T. vulgaris
essential oils.
Component %
O. vulgare
Thymol 19.71
Carvacrol 20.14
𝛾-Terpinene 12.77
T. vulgaris
Thymol 65.4
Carvacrol 5.4
Borneol 0.7
Bornyl acetate 0.1
Ref: thyme essential oil data were analyzed for this study, while the
composition of oregano oil was extracted from Gende 2009 [36].
T. vulgaris O. vulgare
Thymol-
carvacrol
Thymol-
carvacrol
Figure 1: Thin layer chromatography of T. vulgaris and O. vulgare
essential oils.
Table 2: Physicochemical properties of the essential oils: yield v/w
%, density to 20∘C (𝜌
20
), and refraction indexes (𝑛
𝐷
20).
Physicochemical properties Essential oils
O. vulgare T. vulgaris
Yield v/w % 0.4–1.6% 1.0–1.3%
𝜌
20
(g/mL) 0.932 0.923
𝑛
𝐷
20 1.488 1.504
significantly reducing (𝑃 < 0.01) the viability of protoscoleces
to 35.3± 2.8% after 60 days of incubation (Figure 4). Essential
oil of O. vulgare significantly reduced (𝑃 < 0.01) the viability
of protoscoleces to 22.3 ± 1.2% after 60 days (Figure 4).
There was no significant difference (𝑃 > 0.05) between the
protoscolicidal effect of essential oils of T. vulgaris and O.
vulgare. Viability was 0% at day 72 for both essential oils
(data not shown). On the other hand, the loss of viability of
the protoscoleces incubated with thymol became clearer after
12 days of postincubation (p.i.), where the percentage value
was 55.4 ± 8.2%, reaching 0% after approximately 60 days
(Figure 4).
The results of the viability tests coincide with tissue
damage observed at the structural and ultrastructural level.
Control protoscoleces revealed no changes in structure and
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Figure 2: UV comparative spectra of O. vulgare and T. vulgaris
essential oils.
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Figure 3: IR comparative spectra ofO. vulgare andT. vulgaris essen-
tial oils.
ultrastructure throughout the experimental period (Figures
5(a), 6(a), and 6(b)). After 3 days p.i., the presence of numer-
ous blebs in the tegument and contraction of soma region of
essential oil treated protoscoleces was observed by inverted
microscope (Figures 5(b) and 5(c)). Other alterations such as
rostellar disorganization and loss of hooks could be seen after
6 days of incubation.The same alterations could be observed
between 1 and 2 days p.i. in thymol treated protoscoleces
(Figure 5(d)).
Studies by SEM revealed that ultrastructural damage was
produced in drug-treated protoscoleces (Figure 6). After 6
days p.i., alterations in the tegument and contraction of
soma region were observed in essential oil treated proto-
scoleces. Moreover, rostellar disorganisation and shedding of
microtriches of the rostellar region were detected (Figures
6(c) and 6(e)). At 36 days p.i., loss of morphology was
0
20
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Figure 4: Survival of E. granulosus protoscoleces after exposure
to thymol and essential oils of T. vulgaris and O. vulgare. Each
point represents the mean percentage of vital protoscoleces from
five different experiments. (PG: propylene glycol, DMSO: dimethyl
sulphoxide).
evidenced (Figures 6(d) and 6(f)). Thymol produced similar
ultrastructural effects to those observed with the essential
oils. After 6 days p.i., markedly tegumental alterations were
detected (Figure 6(g)). At 24 days p.i., protoscoleces were
altered with complete loss of morphology (Figure 6(h)).
3.3. Determination of Infectivity to Mice. Control protoscole-
ces developed an average of 6 ± 2.6 g of cysts, similar to
the inoculation of freshly isolated protoscoleces. This result
showed that the infectivity of control protoscoleces was not
affected during in vitro incubation for 60 days. Loss of infec-
tivity in protoscoleces incubated with thymol and O. vulgare
after 60 days was observed, since all of the protoscoleces
failed to develop into cysts following their inoculation into
mice. Protoscoleces incubated with T. vulgaris developed
an average of 0.29 ± 0.4 g of cysts. However, the weight of
cysts recorded in mice inoculated with T. vulgaris treated
protoscoleces was significantly lower (𝑃 < 0.05) than that
obtained in the control group.
3.4. Determination of GGT Enzymatic Activity of Protoscoleces
Treated with Thymol and Essential Oils of T. vulgaris and
O. vulgare Drugs. GGT activity in culture supernatants of
protoscoleces treated with thymol and essential oils of T.
vulgaris and O. vulgare is shown in Figure 7. GGT activity
was barely detectable in control supernatants throughout the
experimental period. In contrast, the activity of GGT was
detected in culture supernatants of drug treated protoscoleces
at 5 days p.i. Enhancement of enzyme activity upon treatment
with drugs was time dependent. Interestingly, the viability of
essential oil treated protoscoleces at similar incubation time
was slightly decreased (Figure 4).
3.5. TUNEL Assay. Figure 8 shows representative TUNEL
images of protoscoleces treated with thymol and essential
oils of T. vulgaris and O. vulgare. Cells from control sections
(Figure 8(a)) showed no apoptotic nuclei. The results of
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Figure 5: Light microscopy of E. granulosus protoscoleces incubated in vitro with thymol and essential oils of T. vulgaris and O. vulgare.
(a) Control protoscoleces (cc: calcareous corpuscles, h: hooks, rr: rostellar region, s: suckers, and sr: soma region; 3 days p.i., 500x). (b)-(c)
Note the presence of numerous blebs in the tegument of treated protoscoleces (arrows). (b) T. vulgaris (3 days p.i., 400x). (c) O. vulgare (3
days p.i., 500x). (d) Protoscoleces incubated with thymol during 2 days. The tegument was markedly altered (arrow). Note the loss of hooks
(arrowheads, 400x).
Table 3: Time of appearance (days p.i.) of different indicators of tissue damage on E. granulosus murine cysts, after their incubation with
thymol and T. vulgaris and O. vulgare essential oils, under in vitro conditions.
Parameters of the study
Postincubation days
Thymol 10𝜇g/mL
Thymol T. vulgaris O. vulgare Control
Loss of cyst turgidity 2 3 3 —
Appearance of collapsed
cysts 3 5 5 —
TUNEL assay clearly reveal presence of in situDNA fragmen-
tation in the nuclei of treated protoscolex tissue. Apoptosis
in cells of thymol treated protoscoleces was detected at 8 h
p.i., while in essential oil treated parasites it was observed
after 16 h p.i. (Figures 8(b)–8(d)). In addition, protoscoleces
with loss of the integrity of the tegument (Figures 8(b)–8(d))
showed higher levels of apoptotic nuclei than protoscoleces
with intact tegument (Figure 8(a)).
3.6. In Vitro Cysts Incubation. All control cysts appeared
turgid with no observable collapse of the germinal layer over
the course of the in vitro experiment. In contrast, a loss of
turgidity was detected in cyst treated with T. vulgaris and O.
vulgare essential oils and thymol (Table 3).
Control cultures exhibit no ultrastructural alterations
in parasite tissue during the whole incubation period
(Figure 9(a)). Studies by SEM revealed that the germinal
layer of treated cysts lost the feature multicellular structure
(Figures 9(b)–9(d)).
4. Discussion
The present work describes for the first time the in vitro
efficacy of T. vulgaris and O. vulgare essential oils against
protoscoleces and cysts of E. granulosus. Essential oils of T.
vulgaris and O. vulgare had a time-dependent effect provok-
ing the loss of protoscolex viability. Moreover, protoscoleces
treated withO. vulgare and thymol lost their infectivity, since
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(c) (d)
(e) (f)
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Figure 6: Scanning electron microscopy of E. granulosus protoscoleces incubated in vitro with thymol and essential oils of T. vulgaris and O.
vulgare. (a) Evaginated control protoscolex (6 days p.i., 600x). (b) Invaginated control protoscolex (36 days p.i., 950x). (c) Altered protoscolex
after 6 days p.i with T. vulgaris. Note the loss of microtriches at rostellar region (650x). (d) Invaginated altered protoscolex incubated with O.
vulgare during 6 days (850x). (e) Scolex region of an evaginated protoscolex after 6 days with thymol. The shedding of microtriches can be
observed (1400x). (f) Evaginated protoscolex (T. vulgaris, 36 days p.i.). Note the shedding of microtriches at the scolex region, the presence
of numerous blebs, and the contraction of the soma region (1000x). (g) Altered and contracted soma region (O. vulgare, 36 days p.i.). Note
the rostellar disorganization and shedding of microtriches (850x). (h) Completely altered protoscoleces (thymol, 24 days p.i., 900x).
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Figure 7: GGT activity detected in the supernatant of in vitro cultures of E. granulosus protoscoleces exposed to thymol and essential oils of
T. vulgaris and O. vulgare.
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Figure 8: Light micrographs of TUNEL staining of E. granulosus protoscoleces incubated in vitrowith thymol and essential oils of T. vulgaris
andO. vulgare. (a) Invaginated control protoscolex (16 hours p.i., 1280x). Note the integrity of the tegument (red arrow). (b)–(d) Protoscoleces
showing TUNEL-positive nuclei (yellow arrowheads). (b) Evaginated protoscolex (thymol, 8 h p.i., 1700x). Note the presence of numerous
apoptotic nuclei and the loss of the integrity of the tegument (red arrow). (c) Invaginated protoscolex with the presence of few TUNEL-
positive nuclei (T. vulgaris, 16 h p.i., ×1500). (d) Protoscolex incubated withO. vulgare during 16 h (×1500). Few TUNEL-positive nuclei could
be observed.
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Figure 9: Scanning electron microscopy of E. granulosusmurine cysts incubated in vitro with thymol and essential oils of T. vulgaris and O.
vulgare. (a) Control murine cyst with an intact germinal layer (6 days p.i., gl: germinal layer; 430x). (b) Cyst incubated with T. vulgaris during
6 days (350x). The germinal layer is altered. (c) Cyst exposed to O. vulgare after 6 days p.i. (500x). (d) Extensive damage of the germinal layer
(thymol, 3 days p.i., 300x). Only cellular debris could be observed.
following inoculation of treated parasites in mice no cysts
could be recovered after five months of postinfection.
The results were confirmed at the ultrastructure level by
SEM. The alterations included contraction of soma, blebs
formation in tegument, rostellar disorganisation, and loss of
hooks and microtriches. These changes have been observed
in E. granulosus protoscoleces following in vitro treatment
with other essential oils or their components [24, 26, 28, 29].
Moreover, the same alterations have also been reported by
other authors working with synthetic drugs like BZ [48, 54],
praziquantel [55], ivermectin [51, 56], and nitasoxanide [57].
GGT activity in culture supernatants of protoscoleces
treated with T. vulgaris and O. vulgare essential oils and
thymol was alsomeasured as amarker of tegumental damage.
GGT activity was readily detected into the culture super-
natant of protoscoleces treated either with essential oils and
thymol. Moreover, our observations are in accordance with
those reported by Cumino et al. [49]. The high sensitivity
and accuracy of the enzymatic method was demonstrated
in relation to ultrastructural studies and determination of
viability by the methylene blue exclusion test. The release of
the enzyme precedes the tegumental damage.
The efficacy of T. vulgaris and O. vulgare essential oils
and thymol was also demonstrated in vitro on E. granulosus
murine cysts. SEM studies revealed that the germinal layer
of cysts lost the characteristic multicellular structure, clearly
showing disintegrated areas.Theultrastructural changeswere
analogous to those reported by other authors [29, 52, 57, 58].
T. vulgaris essential oil showed thymol as a main com-
pound in their composition while the predominant com-
ponents in O. vulgare essential oil were thymol and car-
vacrol. We suggest that the main components found in the
essential oils assayed could be responsible for the markedly
anthelmintic effect detected. Despite the differences observed
in their chemical composition (see Table 1), the essential oils
assayed had a similar anthelmintic activity. Data about the
essential oil composition obtained with CG MS and TLC
are in accordance with those reported by Wagner et al. [42],
Bagamboula et al. [59], and Gende [36]. Physicochemical
properties were analyzed with the aim of establishing the
quality, purity, and chemical stability of the essential oil.
All physicochemical properties obtained ranged within the
prospective values, if compared with the results by Montes
[46] and Retamar [45].
In the present study, thymol had a slightly higher effect
against E. granulosus metacestodes than did the essential
oils assayed. However, there are studies where the biological
activity of the essential oils was superior to thymol alone.
Santoro et al. [17] have shown that trypomastigotes are more
sensitive to T. vulgaris essential oil in relation to purified
thymol.Thediscrepancies observed could be explained by the
differences of their qualitative and quantitative composition.
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The composition of essential oils can differ according to
harvesting seasons, geographical sources, age, and vegetative
cycle stage [60–62].Therefore, in order to obtain essential oils
of constant composition, they have to be extracted under the
same conditions from the same organ of the plant [15].
On the other hand, the inherent activity of the essential
oils can be expected to relate to the proportions in which
the components are present and to interactions between
them [63]. Thus, the observed anthelmintic activity of T.
vulgaris and O. vulgare could be explained by the possible
antagonic interactions between the components present in
these essential oils. Antagonic effect between components
was also described by Liolios et al. [64] working with other
essential oils. Antimicrobial activity of O. dictamnus was
lower than thymol and carvacrol acting alone. Botelho et al.
[65] have suggested that the lower antibacterial of Lippia
sidoides essential oil when compared to thymol and carvacrol
may be attributed to an antagonistic effect of the minor
components on the activity of the essential oil.
The mechanism of action of essential oils and their
components has not been studied in great detail. Since the
essential oils are complex mixtures of several compounds,
their antimicrobial activity is not attributable to one specific
mechanism but there are several targets in the cell [66, 67].
In eukaryotic cells, essential oils can provoke depo-
larisation of the mitochondrial membranes by decreasing
the membrane potential [68–70]. Essential oils change the
fluidity of membranes, which become abnormally permeable
resulting in leakage of radicals, cytochrome C, calcium ions,
andproteins, as in the case of oxidative stress andbioenergetic
failure. Permeabilization of outer and inner mitochondrial
membranes leads to cell death by apoptosis and necrosis [71,
72]. Apoptosis induced by thymol in cancer cells was asso-
ciated with mitochondrial pathway [73, 74]. TUNEL assay
revealed that thymol and essential oils of T. vulgaris and O.
vulgare can induce apoptosis in the cells of protoscoleces.The
induction of apoptosis was detected after short incubation
times. As it was mentioned, drug-induced apoptosis in E.
granulosus protoscoleces has also been reported by other
authors [30, 35].
In conclusion, our data suggest that essential oils of T.
vulgaris and O. vulgare have an anthelmintic effect against
protoscoleces and cysts of E. granulosus. Thymol had a con-
siderably greater effect than that observed with essential oils.
However, the GGT activity measured in culture supernatants
of protoscoleces treated with thymol or essential oil was
similar.
Further in vitro and in vivo bioassays will be required
to fully evaluate the potential of these essential oils or some
of their components as useful alternatives for the treatment
of hydatid disease. Moreover, the evaluation of the in vitro
effects of carvacrol alone and in combination with thymol is
in progress and the results of this study could be a promising
option for CE chemotherapy.
Conflict of Interests
The authors declare that there is no conflict of interests
regarding the publication of this paper.
Acknowledgments
This paper was supported by the PIP 0029 (CONICET,
Argentina) andUniversidadNacional deMar del Plata (Grant
no. EXA581/12), Argentina. The authors would like to thank
Diana Fasce (INTEMA) for providing the IR spectra.
References
[1] C. M. Budke, P. Deplazes, and P. R. Torgerson, “Global socioe-
conomic impact of cystic echinococcosis,” Emerging Infectious
Diseases, vol. 12, no. 2, pp. 296–303, 2006.
[2] E. Brunetti, P. Kern, and D. A. Vuitton, “Expert consensus for
the diagnosis and treatment of cystic and alveolar echinococco-
sis in humans,” Acta Tropica, vol. 114, no. 1, pp. 1–16, 2010.
[3] M. Stojkovic, M. Zwahlen, A. Teggi et al., “Treatment response
of cystic echinococcosis to benzimidazoles: a systematic
review,” PLoS Neglected Tropical Diseases, vol. 3, no. 9, article
e524, 2009.
[4] P. Moro and P. M. Schantz, “Echinococcosis: a review,” Interna-
tional Journal of Infectious Diseases, vol. 13, no. 2, pp. 125–133,
2009.
[5] A. Hemphill and J. Mller, “Alveolar and cystic echinococcosis:
towards novel chemotherapeutical treatment options,” Journal
of Helminthology, vol. 83, no. 2, pp. 99–111, 2009.
[6] J. M. Bygott and P. L. Chiodini, “Praziquantel: Neglected drug?
Ineffective treatment? Or therapeutic choice in cystic hydatid
disease?” Acta Tropica, vol. 111, no. 2, pp. 95–101, 2009.
[7] L. L. Mortensen, L. H. Williamson, T. H. Terrill, R. A. Kircher,
M. Larsen, and R. M. Kaplan, “Evaluation of prevalence and
clinical implications of anthelmintic resistance in gastrointesti-
nal nematodes in goats,” Journal of the American Veterinary
Medical Association, vol. 223, no. 4, pp. 495–500, 2003.
[8] A. E. Schwab, D. A. Boakye, D. Kyelem, and R. K. Prichard,
“Detection of benzimidazole resistance-associatedmutations in
the filarial nematode Wuchereria bancrofti and evidence for
selection by albendazole and ivermectin combination treat-
ment,”The American Journal of Tropical Medicine and Hygiene,
vol. 73, no. 2, pp. 234–238, 2005.
[9] A. Fenwick and J. P. Webster, “Schistosomiasis: challenges for
control, treatment and drug resistance,” Current Opinion in
Infectious Diseases, vol. 19, no. 6, pp. 577–582, 2006.
[10] C. Flohr, L. N. Tuyen, S. Lewis et al., “Low efficacy of mebenda-
zole against hookworm in Vietnam: two randomized controlled
trials,”The American Journal of Tropical Medicine and Hygiene,
vol. 76, no. 4, pp. 732–736, 2007.
[11] M. J. Doenhoff, D. Cioli, and J. Utzinger, “Praziquantel: mech-
anisms of action, resistance and new derivatives for schistoso-
miasis,” Current Opinion in Infectious Diseases, vol. 21, no. 6, pp.
659–667, 2008.
[12] C. James, A. M. Hudson, and M. W. Davey, “Drug resistance
mechanisms in helminths: is it survival of the fittest?” Trends in
Parasitology, vol. 25, no. 7, pp. 328–335, 2009.
[13] N. Jeyathilakan, K. Murali, A. Anandaraj, B. R. Latha, and B. S.
Abdul, “Anthelmintic activity of essential oils of Cymbopogan
nardus and Azadirachta indica on Fasciola gigantica,” Tamil-
nadu Journal Veterinary & Animal Sciences, vol. 6, no. 5, pp.
204–209, 2010.
[14] A. E. Edris, “Pharmaceutical and therapeutic potentials of
essential oils and their individual volatile constituents: a review,”
Phytotherapy Research, vol. 21, no. 4, pp. 308–323, 2007.
Interdisciplinary Perspectives on Infectious Diseases 11
[15] F. Bakkali, S. Averbeck, D. Averbeck, and M. Idaomar, “Bio-
logical effects of essential oils—a review,” Food and Chemical
Toxicology, vol. 46, no. 2, pp. 446–475, 2008.
[16] S. D. Cox, C. M. Mann, and J. L. Markham, “Interactions be-
tween components of the essential oil ofMelaleuca alternifolia,”
Journal of AppliedMicrobiology, vol. 91, no. 3, pp. 492–497, 2001.
[17] G. F. Santoro, M. Das Grac¸as Cardoso, L. G. L. Guimara˜es, A. P.
S. P. Salgado, R. F. S. Menna-Barreto, andM. J. Soares, “Effect of
oregano (Origanum vulgare L.) and thyme (Thymus vulgaris L.)
essential oils on Trypanosoma cruzi (Protozoa: Kinetoplastida)
growth and ultrastructure,” Parasitology Research, vol. 100, no.
4, pp. 783–790, 2007.
[18] A. C. Tavares, M. J. Gonc¸alves, C. Cavaleiro et al., “Essential
oil of Daucus carota subsp. halophilus: composition, antifungal
activity and cytotoxicity,” Journal of Ethnopharmacology, vol.
119, no. 1, pp. 129–134, 2008.
[19] A. Arana-Sa´nchez, M. Estarro´n-Espinosa, E. N. Obledo-
Va´zquez, E. Padilla-Camberos, R. Silva-Va´zquez, and E. Lugo-
Cervantes, “Antimicrobial and antioxidant activities ofMexican
oregano essential oils (Lippia graveolensH. B. K.) with different
composition when microencapsulated in𝛽-cyclodextrin,” Let-
ters in Applied Microbiology, vol. 50, no. 6, pp. 585–590, 2010.
[20] M. Machado, A. M. Dinis, L. Salgueiro, C. Cavaleiro, J. B.
A. Custo´dio, and M. Do Ce´u Sousa, “Anti-Giardia activity
of phenolic-rich essential oils: effects of Thymbra capitata,
Origanum virens, Thymus zygissubsp. sylvestris, and Lippia
graveolens on trophozoites growth, viability, adherence, and
ultrastructure,” Parasitology Research, vol. 106, no. 5, pp. 1205–
1215, 2010.
[21] J. B. Githiori, S. Athanasiadou, and S. M. Thamsborg, “Use
of plants in novel approaches for control of gastrointestinal
helminths in livestock with emphasis on small ruminants,”
Veterinary Parasitology, vol. 139, no. 4, pp. 308–320, 2006.
[22] A. L. F. Camurc¸a-Vasconcelos, C. M. L. Bevilaqua, S. M. Morais
et al., “Anthelmintic activity of Croton zehntneri and Lippia
sidoides essential oils,” Veterinary Parasitology, vol. 148, no. 3-
4, pp. 288–294, 2007.
[23] I. T. F. Macedo, C. M. L. Bevilaqua, L. M. B. de Oliveira
et al., “Anthelmintic effect of Eucalyptus staigeriana essential oil
against goat gastrointestinal nematodes,” Veterinary Parasitol-
ogy, vol. 173, no. 1-2, pp. 93–98, 2010.
[24] A. Albanese, M. C. Elissondo, L. Gende, M. Eguaras, and G.
M. Denegri, “Echinococcus granulosus: in vitro efficacy of Ros-
marinus officinalis essential oil on protoscoleces,” International
Journal of Essential Oil Therapeutics, vol. 3, no. 2-3, pp. 69–75,
2009.
[25] M. Taran, E. Azizi, A. Shikhvaisi, and N. Asadi, “The anthel-
mintic effect of Pistacia khinjuk against protoscoleces of Echino-
coccus granulosus,” World Journal of Zoology, vol. 4, no. 4, pp.
291–295, 2009.
[26] M. A. Maggiore, A. A. Albanese, L. B. Gende, M. J. Eguaras,
G. M. Denegri, and M. C. Elissondo, “Anthelmintic effect of
Mentha spp. essential oils on Echinococcus granulosus proto-
scoleces and metacestodes,” Parasitology Research, vol. 110, no.
3, pp. 1103–1112, 2012.
[27] M. Moazeni, M. J. Saharkhiz, and A. A. Hosseini, “In vitro
lethal effect of ajowan (Trachyspermum ammi L.) essential oil
on hydatid cyst protoscoleces,” Veterinary Parasitology, vol. 187,
no. 1-2, pp. 203–208, 2012.
[28] M. C. Elissondo, C. M. Albani, L. Gende, G. Eguaras, and M.
Denegri, “Efficacy of thymol against Echinococcus granulosus
protoscoleces,” Parasitology International, vol. 57, no. 2, pp. 185–
190, 2008.
[29] M. C. Elissondo, P. E. Pensel, andG.M.Denegri, “Could thymol
have effectiveness on scolices and germinal layer of hydatid
cysts?” Acta Tropica, vol. 125, no. 3, pp. 251–257, 2013.
[30] H. Hu, J. Kang, R. Chen, W. Mamuti, G. Wu, and W. Yuan,
“Drug-induced apoptosis of Echinococcus granulosus protosco-
leces,” Parasitology Research, vol. 109, no. 2, pp. 453–459, 2011.
[31] S. Y. Paik, K. H. Koh, S. M. Beak, S. H. Paek, and J. A. Kim,
“The essential oils from Zanthoxylum schinifolium pericarp
induce apoptosis of HepG2 human hepatoma cells through
increased production of reactive oxygen species,” Biological and
Pharmaceutical Bulletin, vol. 28, no. 5, pp. 802–807, 2005.
[32] Y. Xiao, F. Yang, S. Li, G. Hu, S. M. Lee, and Y. Wang, “Essential
oil ofCurcumawenyujin induces apoptosis in human hepatoma
cells,” World Journal of Gastroenterology, vol. 14, no. 27, pp.
4309–4318, 2008.
[33] J. D. Cha, Y. H. Kim, and J. Y. Kim, “Essential oil and 1,8-cineole
from Artemisia lavandulaefolia induces apoptosis in KB Cells
via mitochondrial stress and caspase activation,” Food Science
and Biotechnology, vol. 19, no. 1, pp. 185–191, 2010.
[34] R. Paredes, V. Jime´nez, G. Cabrera, D. Iragu¨en, and N. Galanti,
“Apoptosis as a possible mechanism of infertility in Echinococ-
cus granulosus hydatid cysts,” Journal of Cellular Biochemistry,
vol. 100, no. 5, pp. 1200–1209, 2007.
[35] S. De, D. Pan, A. K. Bera et al., “In vitro assessment of praz-
iquantel and a novel nanomaterial against protoscoleces of
Echinococcus granulosus,” Journal of Helminthology, vol. 86, no.
1, pp. 26–29, 2012.
[36] L. Gende, Principales componentes de aceites esenciales rela-
cionados con actividad antimicrobiana frente a Paenibacillus
larvae [Ph.D. thesis], Universidad de Farmacia y Bioquı´mica.
Universidad de Buenos Aires, 2009, (Spanish).
[37] C. Pina-Vaz, A. G. Rodrigues, E. Pinto et al., “Antifungal activity
of Thymus oils and their major compounds,” Journal of the
European Academy of Dermatology and Venereology, vol. 18, no.
1, pp. 73–78, 2004.
[38] M. Behnia, A. Haghighi, H. Komeylizadeh, S. S. Tabaei, and A.
Abadi, “Inhibitory effects of IranianThymus vulgaris extracts on
in vitro growth of Entamoeba histolytica,”The Korean Journal of
Parasitology, vol. 46, no. 3, pp. 153–156, 2008.
[39] M. C. Rota, A. Herrera, R.M.Mart´ınez, J. A. Sotomayor, andM.
J. Jorda´n, “Antimicrobial activity and chemical composition of
Thymus vulgaris, Thymus zygis and Thymus hyemalis essential
oils,” Food Control, vol. 19, no. 7, pp. 681–687, 2008.
[40] A. Sartoratto, A. L. M. Machado, C. Delarmelina, G. M.
Figueira, M. C. T. Duarte, and V. L. G. Rehder, “Composition
and antimicrobial activity of essential oils from aromatic plants
used in Brazil,” Brazilian Journal of Microbiology, vol. 35, no. 4,
pp. 275–280, 2004.
[41] H. J. Richard, I. Nolean, and P. Giampoli, “Techniques of
analysis of the spices and aromatics,” in Epices et Aromates, H.
Richard, Ed., pp. 191–211, Tec and Lavoisier, Paris, France, 1992.
[42] H. Wagner, S. Bladt, and E. M. Zgainski, “Essential oil drugs
(Aetherolea),” in Plant Drug Analysis. AThin Layer Chromatog-
raphy, H. Wagner, S. Bladt, and E. M. Zgainski, Eds., pp. 5–48,
Springer, New York, NY, USA, 2nd edition, 1996.
[43] R. P. Adams, Identification of Essential Oil Components by Gas
Cromatography/Mass Spectroscopy, Allured, Carol Stream, Ill,
USA, 4th edition, 2007.
[44] John Wiley & Sons Staff, Wiley Registry Mass Spectral Library,
John Wiley & Sons, New York, NY, USA, 8th edition, 2006.
12 Interdisciplinary Perspectives on Infectious Diseases
[45] J. A. Retamar, “Aceites esenciales de especies vegetales diversas:
sus posibilidades quı´micas,” IPNAYS. CONICET-UNL-FIQ.
Santa Fe, Argentina, 1982.
[46] A. M. Montes, Bromatologı´a, Universitaria de Buenos Aires,
Buenos Aires, Argentina, 2nd edition, 1981.
[47] Food and Drug Administration (FDA), Bacteriological Analyt-
ical Manual, AOAC International, Gaithersburg, Md, USA, 8th
edition, 1998.
[48] M. Elissondo, M. Dopchiz, L. Ceballos et al., “In vitro effects
of flubendazole on Echinococcus granulosus protoscoleces,”
Parasitology Research, vol. 98, no. 4, pp. 317–323, 2006.
[49] A. C. Cumino, M. C. Nicolao, J. A. Loos, G. Denegri, and M. C.
Elissondo, “Echinococcus granulosus tegumental enzymes as in
vitro markers of pharmacological damage: a biochemical and
molecular approach,” Parasitology International, vol. 61, no. 4,
pp. 579–585, 2012.
[50] G. Szasz, “A kinetic photometric method for serum gamma-
glutamyl transpeptidase,” Clinical Chemistry, vol. 15, no. 2, pp.
124–136, 1969.
[51] M. C. Elissondo, L. Ceballos, L. Alvarez, S. Sa´nchez Bruni, C.
Lanusse, andG. Denegri, “Flubendazole and ivermectin in vitro
combination therapy produces a marked effect on Echinococ-
cus granulosus protoscoleces and metacestodes,” Parasitology
Research, vol. 105, no. 3, pp. 835–842, 2009.
[52] M. C. Elissondo, L. Ceballos, M. Dopchiz et al., “In vitro
and in vivo effects of flubendazole on Echinococcus granulosus
metacestodes,” Parasitology Research, vol. 100, no. 5, pp. 1003–
1009, 2007.
[53] M. Ayres, M. Ayres Jr., D. L. Ayres, and A. S. Santos, BioEstat
5.0 Aplicac¸o˜es Estat´ısticas Nas Areas das Cieˆncias Bio-Me´dicas,
Imprensa Oficial do Estado do Para´, Bele´m, Brazil, 5th edition,
2007.
[54] J. Pe´rez-Serrano, N. Casado, D. Guillermo, and F. Rodriguez-
Caabeiro, “The effects of albendazole and albendazole sulphox-
ide combination-therapy on Echinococcus granulosus in vitro,”
International Journal for Parasitology, vol. 24, no. 2, pp. 219–224,
1994.
[55] M. A. Urrea-Par´ıs, M. J. Moreno, N. Casado, and F. Rodriguez-
Caabeiro, “In vitro effect of praziquantel and albendazole com-
bination therapy on the larval stage of Echinococcus granulosus,”
Parasitology Research, vol. 86, no. 12, pp. 957–964, 2000.
[56] N. Casado, M. Moreno, M. Urrea-Par´ıs, and F. Rodr´ıguez-
Caabeiro, “Could ivermectin have a synergic effect with alben-
dazole in hydatidosis therapy?” Parasitology Research, vol. 88,
no. 2, pp. 153–159, 2002.
[57] M. Walker, J. F. Rossignol, P. Torgerson, and A. Hemphill,
“In vitro effects of nitazoxanide on Echinococcus granulo-
sus protoscoleces and metacestodes,” Journal of Antimicrobial
Chemotherapy, vol. 54, no. 3, pp. 609–616, 2004.
[58] M. Spicher, A. Naguleswaran, L. M. Ortega-Mora, J. Mu¨ller, B.
Gottstein, and A. Hemphill, “In vitro and in vivo effects of 2-
methoxyestradiol, either alone or combined with albendazole,
against Echinococcusmetacestodes,” Experimental Parasitology,
vol. 119, no. 4, pp. 475–482, 2008.
[59] C. F. Bagamboula, M. Uyttendaele, and J. Debevere, “nhibitory
effect of thyme and basil essential oils, carvacrol , thymol ,
estragol , linalool and p-cymene towards Shigella sonnei and S.
Flex,” Food Microbiology, vol. 21, no. 1, pp. 33–42, 2004.
[60] M.Hudaib, E. Speroni, A.M. Di Pietra, andV. Cavrini, “GC/MS
evaluation of thyme (Thymus vulgaris L.) oil composition and
variations during the vegetative cycle,” Journal of Pharmaceuti-
cal and Biomedical Analysis, vol. 29, no. 4, pp. 691–700, 2002.
[61] V. Masotti, F. Juteau, J. M. Bessie`re, and J. Viano, “Seasonal
and phenological variations of the essential oil from the narrow
endemic species Artemisia molinieri and its biological activi-
ties,” Journal of Agricultural and Food Chemistry, vol. 51, no. 24,
pp. 7115–7121, 2003.
[62] A. Angioni, A. Barra, V. Coroneo, S. Dessi, and P. Cabras,
“Chemical composition, seasonal variability, and antifungal
activity of Lavandula stoechas L. ssp. stoechas essential oils
from stem/leaves and flowers,” Journal of Agricultural and Food
Chemistry, vol. 54, no. 12, pp. 4364–4370, 2006.
[63] S. Burt, “Essential oils: their antibacterial properties and poten-
tial applications in foods: a review,” International Journal of Food
Microbiology, vol. 94, no. 3, pp. 223–253, 2004.
[64] C. C. Liolios, O. Gortzi, S. Lalas, J. Tsaknis, and I. Chinou,
“Liposomal incorporation of carvacrol and thymol isolated
from the essential oil of Origanum dictamnus L. and in vitro
antimicrobial activity,” Food Chemistry, vol. 112, no. 1, pp. 77–
83, 2009.
[65] M. A. Botelho, N. A. P. Nogueira, G. M. Bastos et al., “Antimi-
crobial activity of the essential oil fromLippia sidoides, carvacrol
and thymol against oral pathogens,”Brazilian Journal ofMedical
and Biological Research, vol. 40, no. 3, pp. 349–356, 2007.
[66] P. N. Skandamis and G.-J. Nychas, “Effect of oregano essen-
tial oil on microbiological and physico-chemical attributes of
minced meat stored in air and modified atmospheres,” Journal
of Applied Microbiology, vol. 91, no. 6, pp. 1011–1022, 2001.
[67] C. F. Carson, B. J. Mee, and T. V. Riley, “Mechanism of action
of Melaleuca alternifolia (tea tree) oil on Staphylococcus aureus
determined by time-kill, lysis, leakage, and salt tolerance assays
and electronmicroscopy,”Antimicrobial Agents and Chemother-
apy, vol. 46, no. 6, pp. 1914–1920, 2002.
[68] C. Richter and J. Schlegel, “Mitochondrial calcium release
induced by prooxidants,” Toxicology Letters, vol. 67, no. 1–3, pp.
119–127, 1993.
[69] S. A. Novgorodov and T. I. Gudz, “Permeability transition pore
of the inner mitochondrial membrane can operate in two open
states with different selectivities,” Journal of Bioenergetics and
Biomembranes, vol. 28, no. 2, pp. 139–146, 1996.
[70] A. E. Vercesi, A. J. Kowaltowski, M. T. Grijalba, A. R. Meinicke,
and R. F. Castilho, “The role of reactive oxygen species in
mitochondrial permeability transition,” Bioscience Reports, vol.
17, no. 1, pp. 43–52, 1997.
[71] H. S. Yoon, S. C. Moon, N. D. Kim, B. S. Park, M. H. Jeong,
and Y. H. Yoo, “Genistein induces apoptosis of RPE-J cells
by opening mitochondrial PTP,” Biochemical and Biophysical
Research Communications, vol. 276, no. 1, pp. 151–156, 2000.
[72] J. S. Armstrong, “Mitochondrial membrane permeabilization:
the sine qua non for cell death,” BioEssays, vol. 28, no. 3, pp.
253–260, 2006.
[73] H. Chang, S. Hsu, C. Chou et al., “Effect of thymol on Ca2+
homeostasis and viability in MG63 human osteosarcoma cells,”
Pharmacology, vol. 88, no. 3-4, pp. 201–212, 2011.
[74] D. D. Deb, G. Parimala, S. Saravana Devi, and T. Chakraborty,
“Effect of thymol on peripheral blood mononuclear cell PBMC
and acute promyelotic cancer cell line HL-60,” Chemico-
Biological Interactions, vol. 193, no. 1, pp. 97–106, 2011.
Submit your manuscripts at
http://www.hindawi.com
Stem Cells
International
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
MEDIATORS
INFLAMMATION
of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Behavioural 
Neurology
Endocrinology
International Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Disease Markers
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
BioMed 
Research International
Oncology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Oxidative Medicine and 
Cellular Longevity
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
PPAR Research
The Scientific 
World Journal
Hindawi Publishing Corporation 
http://www.hindawi.com Volume 2014
Immunology Research
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Journal of
Obesity
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
 Computational and  
Mathematical Methods 
in Medicine
Ophthalmology
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Diabetes Research
Journal of
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Research and Treatment
AIDS
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Gastroenterology 
Research and Practice
Hindawi Publishing Corporation
http://www.hindawi.com Volume 2014
Parkinson’s 
Disease
Evidence-Based 
Complementary and 
Alternative Medicine
Volume 2014
Hindawi Publishing Corporation
http://www.hindawi.com
